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(57) A changeover switch svvitches connection 
between an antenna and a transmitter amplif ier and con- 
nection k>elween the antenna and a receiver km noise 
amplifier, from one to the other. A first wire having char- 
acteristic impedance of 50 Q connects ttie antenna and 
the changeover switch. A receiver matching drcuit 
matches input impedance of the receiver low noise 
amplifier wHh the output impedance of the transmitter 
amplifier. An antenna side matching drcuit matches the 
irput inpedance of the receiver low noise amplifier, 
which is matcfied with the output impedartce of tfie trans- 
mitter amplifier by the receiver matching circuit erid the 
oulput irnpedanoe of tfie ti'ansmitter amplifier with tfie 
characterisHciinpedanoeof theftrstwireL Thetansmitter 
arrplifier is connected with the changeover switch via a 
first coupGng capacitance, and the receiver matching dr- 
cuit is connected with the changeover switch via a sec^ 
ond coipGng capacitance. 
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DoscffpUon 

BACKGROUND OF THE fNVEIWWN ' ' 

The present invention relates to a transmit- s 
tingA'Gceiving dicuit suitably used in a radioooninunica- 
tion apparatus utflizing the same frequency for 
transmitting and recehnnQ a signal, a sennconductor 
integrated circuit device irxiucfing the transmit- 
ting/lreceiving circuit and a ra(fiocommunicationappaia- 10 
tus inducing the same. 

Recently, ra di ocommunicalion apparatuses such as 
portflble telephones have been developed to be oonv 
pac^ fight and inexpensive; and the number of useis of 
such equipment is rapidly ingeasing. In the convention a l is 
communication mode, the transmitting frequency is cfi^ 
(erent from the receiving frequency. Furttiermorei 
attempts have been made to (fi^^aRze such racfiooonv 
munication apparatuses in order to attain a much larger 
number of users. In digital racOoconvnunication appara- 20 
tuseSk transmission and reception can t>e conducted at 
the same frequency by IransiTiKiiiy and receiving a sig- 
nal in a time sharing manner, while two different frequen- 
des are required for each line of the apparatuses of the 
conventional communication mode^ 2S 

A transmitter ampGf ier, a receiver low noise ampTrfier 
and a changeover switch for switcfung between trans- 
mission and reception of a transmilling/lreoeiving drcuit 
in a <figital radiocommunication apparatus occasionaOy 
include galGumarserude field effect transistorB (herein- so 
after referred to as GaAs FETs) having various proper- 
ties such as a low voltage operation, high efficiency, a 
low noise property and a ftigh isolation property. 

Furtfiermae, with the spread of portable wireless 
apparatuses, there is inaeasing demand for compact ss 
and Bght equipment As a result, a large humber of 
attempts have been made to produce a transmrt- 
tingA'eceiving drcuit including a transmitter power ampli- 
fier, a changeover switch, a receiver low noise amplifier, 
a matching drcuit arvf the like as a semiconductor Inte- 40 
grated drcuit 

Mow, an example of conventional transmit- 
ting/deceiving drcuits will be descnbed referring to an 
accompanying drawing. 

Figure 8 is a diagram of the configuration of a trans- 46 
mitting/receiving drcu'rt in a conventional digital radio- 
conminication apparatus using FETSw The 
frarsmilting/lreceiving circuit of Figure 8 comprises a 
transmitter amplifier 1 0, a receiver low noise amplifier 20 
and an antenna 30 for transmitting and receiving a sig- so 
nal. A changeover switch 40 switdies ttie connection 
between the trarsmitter amplifier 10 and the antenna 30 
ana me cormecnon oeiween me receiver low nose 
ampfif ier 20 and tfie anterma 30, from one to the other. 
A first wire 51 havhg characteristic ompedance of 50 Q ss 
connects the antenna 30 to the charigeover switch 40. A 
second wire 52 having characteristic impedance of 50 O 
connects the transmitter amplifier 10 to the changeover 
switch 40. A third wire 53 having characteristic imped- 



ance of 50 Q connects the receiver low noise amplMer 
20tothechangeoverswitch 40. Areceiver matching dr- 
ooif 089iiWBhe9fi^puti9t91h9 rooeivef tow riois9fliipR- 

fier 20, and a transrrvtter matching drcuit 70B matches 
outputsfromtfietrarismitterainplifier 10. Afirstoot9>firig 
capacitance 81B couples an alternating current of the 
output from tfie transrritter arrf)lffier 10 with an alternat- 
ing cvrent of the input to tfie tiai isiiilter matching drcuit 
70B, and a second coupling capacitance 828 couples 
an alternating curent of the output from the receiver 
matching drcuit 608 with an alternating current of the 
input to tfie receiver low noise ampltfier 20. 

The fransm i tt er ampler 10 of Figure 8 comprises 
an FET 12 at the first stage, another FET 14 at the last 
stage, power supply temrmals 1 58, a matching drcurt 13, 
which includes capacitances 16 and 18 and an inductor 
17, for matcNng the tront FET 12 with the rear FET 14. 
An Muctor 19A is interposed between the gate terminal 
of the FET 1 4 and a bias voltage Vgl . and inductors 1 98 
are interposed between the power supply terrnnals 158 
of the FETs 12 and 14 and a si^jply voltage Vddl. An 
inductor 24A is ffiterposed between tf!e gate temninal of 
a low noise FET 22 in the receiver lew noise ampTifier 20 
and a t>ias voHage Vg2, arxi an inductor 248 is inter- 
posed between a reception wave output terminal 238 of 
the receiver low noise amplffier 20 and a sup^ voltage 
VddZ. The receiver matcfiing circuit 608 indudes induc- 
tors 61 and 62, arvl tfie transmitter matcfiing drcuit 708 
includes capadlances 71 and 73 and an inductor 72. 

This transmitting/rec^ng drcuit is operated as fol- 
lows: 

The receiving operation thereof will be first 
described. 

At the time of receiving a signal, a bas voltage Vg2 
is applied to the low noise FET 22 in the receiver low 
ndse anplffier20andasij|3plyvoltageVdd2is applied" 
to the reception wave output terminal 238, ttiereby sup- 
plying the receiver low noise amplifier 20 with a neces- 
sary supply voltage. This amplffies a weak received 
signal input ttirough the antenna 30. Since there is no 
need to operate the transmitter anplifier 10 in tfiis case, 
no voHage is appGed thereto for saving the power of a 
t)attery. 

The received signal having been input through the 
antenna 30 is transferredthroughthefirstwire51 having 
cfiaracteristic impedance of 50 Q and supplied to an 
antenna side inputAxitput terminal 41 8 of the changeo- 
ver switch 40. At this point &i the changeover switch 40, 
a first FET 43 serving as a transmitter shunt FET and a 
third FET 45 serving as a receiver Ifirough FET are sup- 
plied with a voltage of, for example; 0 V so as to turn on 
the FETs43 and 45, and a second FET 44 serving as a 
transmitter through FET and a fourth FET 46 serving as 
a receiver shunt FET are supplied with a vollage of, for 
example, -5 V so as to turn off the FETs 44 and 46 by a 
control voltage input through switch control si^ial input 
terminals 428. Therefore, the received signal fiaving 
been input through the antenna side inputAMilput tenni- 
nal 418 passes through the third FET 45 in an on state 
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to be transferred to a receiver unit A transmitter unit is 
electrically separated from the antenna because the sec- 
ond FCT 44 is oft an^fSsHMMMB^^ 
43 in an on state 

The received signal having passe d through the third s 
FET 45 in an on state is transferred from a receiver side 
terminal 47 of the changeover switch 40 through thelhird 
wire S3 having characteristic impedance of 50 Q and the 
second cotpling capacitance 82B and is input to the 
receiver matcfung circuit 60B. The received signal hav- io 
ing been irput to the receiver matcfmig drcuit 60B is suk>- 
jected to impedance matcfiing by tfie two inctotors 61 
and 62 to be input to an input terminal 21 of the receiver 
low noise ampl^'er 20. The received signal having been 
input to the receiver low noise ampGfier 20 is ampKied is 
by the low noise FET 22 and then output through tfie 
reception wave output terminal 23B. 

Next tfie transmitting operation of the transmit- 
ting/lreceiving circuit will t>e described. 

At the time of transmitting a signal, a supply voftage 20 
Vddl is applied to the FET 12 at the first stage and the 
FET 14 at the last stageof the transmitter amplifier 10, 
andabiasvoHageVgl is appGed to the FET 14, thereby 
power anrpGfying a modulated signal input to the trans- 
mitter amplifier 10 ijp to a sufficientty high level to t)esijp- 25 
plied to the antenna 30. Sirx» there is rx> need to operate 
tfie receiver low noise ampGfi er 20 in this case, no voHage 
is applied thereto fbr saving the power of the battery. 

The modulated trarsmtesion signal is input through 
a transmission wave input tenninal 1 1 B, sii>jected toftrst so 
power ampfification by the front FET 12, irputtotherear 
FET 1 4 via the matching circuit 1 3. and subjected to sec- 
ond power amplification by the FET 14 up to a desired 
power level. The amplffied transmission signal is inputto 
the transmitter matcfiing circuit 70B via tfie first coupling ss 
capacitance 81 B, conv'erted to have impedance of 50 O 
by the transmitter matching circuit 70B and then input to 
a transrritter side terminal 48 of tfie cfiangeover switch 
40 via the second wire 52 having characteristic imped- 
ance of 50 a At this point in the changeover switch 40, 40 
the second FET 44 and the fourth FET 46 are supplied 
with a voltage of, for example, 0 V so as to 1)0 turned on 
and the first FET 43 and the third FET 45 are sufsplied 
with a voltage of, for example, -5 V so as to be turned off 
by a control voltage Input through the switch control sig- 46 
nal input terminals 42B. The transmission signal having 
been input through the transmitter side terminal 48 
passes through the second FET 44 in an on state Id be 
transferred toward the antenna 30. TTie transmission sig- 
nal having been transferred toward tfie antenna 30 so 
passes through the first wire 51 having characteristic 
impedance of 50 U input to the antenna 30, and then 
output through the antenna 30 as an electric wavBL 

In tfie conventional trarsmitting/lreceiving circuit the 
trarismitteranfiplifierlOandthereceiverlownoisearnpli- ss 
fier 20 are connected to the changeover switch 40 via 
the second and third wires 52 and 53 each having cfiar- 
acteristic impedance of 50 iX respectively. Therefore;, a 
transmission signal output by the transmitter arnpGfier 1 0 



and a received signal input to the receiver low noise 
ampiffter 20 sfKMiU be converted to have impedance of 
AcoDiQffi^jf; wneinnoifurbimiei Bn^XmBriv, 0V7 
receiver low noise ampGfter 20 and the cf^ngeover 
switch 40 are desired to be I n te gr ated on one cfiip, the 
transmitter matching circuit 60B and the receiver match- 
ing circuit 70B are also required to be mounted on the 
same chip^ resulting in largely increasing an area occu- 
pied by passive devices to t>e integrated such as induc- 
tors. As a result the dip area is sut>stantiaDy increased, 
which (fisadvantageoi^ makes it diffictdt to deaease 
thesizeandthecostofaradiooommunicationapparatusw 
Thus, it is desired to provide a traiKUiiiliingfreceiving cir- 
cuit realizing a conrpact and ine)pensive radiocomnuni- 
cation apparatus applicable to the new communication 
mode and a senriconductor integrated circuit device 
mounting the transmitting/ireceiving circuit 

In additioa when a signal is switched by the change- 
over switch 40 at low impedance, the voltage can be 
decreased arid isolation between tfie transmitter unit and 
the receiver unit can t>e inproved. However, in tfie con- 
ventional circuit a signal is switched at impedance of 50 
O iffi descrfoed above, and hence, the isolation char^ 
teristic is poor. This causes another problem tfiat an FET 
with a satisfactory isolation cfiaracter^c is required to 
be used. The isolation herein indicates a ratio t)elween 
signals correctly transferred from tfie transmitter arnpB- 
fier 1 0 to the antenna 30 and signals incorrectly trans- 
fen-ed from the fransmitter amplifier 10 to tfie receiver 
low rK>ise amplifier 20 when the cfiangeover switch 40 is 
in a state for outputting a transmission signal from tfie 
transmitter amplifier 1 0 to the antenna 30. Having a sat- 
isfectory isolation ctiaracteristic means few signals are 
transferred from the transmitter amplifier 10 to the 
receiver low noise amplffier 20. Actually, there always 
eodst some signals leaked from th(^ transmitter cunplifier 
10 to tfie receiver kMv noise ampOfier 20. 

SUMMARY OF THE INVEMTION 

The present invention was devised to solve tfie 
aforementioned problems at a stroke so as to make com- 
pact a racfiocommunfoation apparatus and improve tfie 
isolation characteristic between a transmitter unit and a 
receiver uniL 

A first transmitting/receiving drcuit for a radiocom- 
munication apparatus of tfie invention comprises a trans- 
mitter amplifier for arrplifying an input transmissfon 
signal and outputting the amplified fransmissfon signal; 
a receiver amplifier fbr amplifying an input received sig- 
nal and outputting the amplified received signal; a 
changeover switch having an ant OTia side inpu t/output 
terfiwin al tfirough wftich thetrargmissfon sffliai iSTwtput 
to cuiariteririavfo a wire fiavirigprescril)ed ctiaracteristic 
impedance and the received signa l is input from tfie 
antenna via the wire, fbr switcfiing af irst connectfon state 
for outputting the transmissfon signal received from the 
transmitter amplifier via no matching circuit to tfie 
antenna side inputfoutput terminal and a second con- 
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nection state for oulputting the received signal received 
through the antenna side inpiit/butput terminal to the 
receiver amplffier; a iQcefveriiBlUttifUiUJlHnluJimuJ 
betMveen the changeover ewrtch and the receiver ampli- 
fier for matching the input impedance of the receiver 
ampOfier with tfie output impedance of ttie transmitter 
amplifier; and an antenna side matching circuit inter- 
posed belMfeen the wire and the changeover sivitch for 
matcfung the characteristic impedance of the wire with 
the output impedance of the transnvtter ampler. 

In the first transmittingAreceiving circuit, the trans- 
misston signal output from the transmitter amplifier is 
irfxjt to the changeover switch via no matching circiit 
wh96 the received signal output from the changeover 
switch is input to the receiver amplffier via the receiver 
matching circuit Therefore, within the ctangeover 
avitch, the output brpedanoe of the transmftter ampGfier 
is matched with the input impedance of the receiver 
amplifier, and both the output impedance and the input 
impedance are smaO In the changeover switch. As a 
result, the isotation characteristic of the changecver 
switch can be improved and the area occupied by ttie 
changeover switch can bo minimized. 

Furttiermore, since the characteristic inpedance of 
ttie wire is matched with the output irrpedance of ttie 
transrntter amplifier by ttie antenna side matching cir- 
cuit, the receiver matching circuit has a function to 
merely match the input impedance of the receiver ampli- 
fier with tfie output irrpedance of ttie trarismitter arnpli- 
fier. This results in minimizing the area occupied t^ ttie 
receiver matching drcuit Thus* the size of a ctiip includ- 
ing the transmitter anpOfier, the receiver amplifier and 
thechangeover switch, and in its turn, the size of the racB- 
ocommunication apparatus including the ctip can l>e 
minimized, and the production cost can t>e decreased. 

Since the antenna side matching circuit is inter- 
posed between the wire and the changeover switch, 
when ttie transmitter amplifier, the receiver amplifier and 
ttie changeover switch are integrated on one chipt ttie 
antenna side matching circuit can t>e disposed outside 
of the chp. This results in a further more compact ctvpi 
a further more compact radiooommunlcation apparatus* 
and a further lower production cost 

n is pr^erable that the first transmitting/ireceiving cir- 
cuit further comprises a first coipling capacitance inter- 
posed t>etween the transrrvtter amplifier and ttie 
changeover switch and a second coupling capacitance 
interposed between the changeover switch and the 
receiver matching drcuit 

By adopting this configuration, ttie coupGng state 
between the transmHter anrpimer and the changecver 
switch can t)e stabilized, arxj ttie coupling state k>etween 
the changeover switch and the receiver ma tc hi ng drcuit 
can be also stat)ilized. 

In ttie first trarnmittingAreceiving drcuit, the antenna 
side matching circuit can be cfirectly connected to ttie 
antenna side input/butput terminal. In this case, the 
ariterina side rnatctring drcuit can beformed on the same 
chip mounting the transmitter amplifier, the receiver 



anpl^ and the changeover switctt Therefore, a stfll 
more compact rsKfiooommunication apparatus can be 

bi the first transmitting/receiving circuit, ttie ctiange- 

5 overavitchpreferatsly tiasatransrTTtterttirouQhFETand 
a tr ansm itter stnint FET connected in series to each 
other and a receiver ttvoufifi FET and a recover shunt 
FET connected in series to each ottier, ttie transmMer 
anpRfier preferably has at least one anpOfier FET for 

10 anpGfying the input transmission signal, and the ampG- 
fier FET at the last sts^e of the transmitter amplifier pref- 
erably works also as the transmitter shunt FET of the 
ctiange(Mr switch. 

By adopting ttiis configuration, there is no need to 

IS provide a separate transmitter shut FET in the d»nge- 
wer switch, thereto simplifying the configuration of ttie 
transnwtting/^eceiving circuit for a racfiocommunication 
apparatus. Therefore; since ttie number of required ele- 
rnerits can t>e reduced, ttie radiocorTminication appara- 

20 tus can be made more compact and can attain ttigher 
refiabiGty. 

A second transmitting/ireceiving circuit for a radio- 
communication apparatus of the Invention oorrprises a 
transmitter amplifier for arrpfifying an input transmission 

25 sigral and outputting ttie emptied transrrvsston signal; 
a receiver anpiifier for ampCfying an input received sig- 
nal and outputting ttie amplified received signal; a 
changeover switch having an antenna side input/output 
terminal ttiroughwtiich the transmission signal is output 

30 to an antenna via a wire tiavingprescrit)ed characteristic 
inpedance and the received signal is input from ttie 
antenna via the wire, for switctiing a first connection slate 
for outputting the transmission signal received from ttie 
transmitter amplifier to the antenna side input/butput ter- 

36 minal and a second connection state for outputting the 
received signal received ttirough the antenna side 
inputAxJtput tenninal to the receiver anplffier via no 
m atc hing circuit, from one to ttie other; a transmitter 
matching circuit interposed t)elween the transmitter 

40 amplifier and the ctiangeover switch for matching the 
output inpedance of the transnvtter anpOfier with the 
input impedance of ttie receiver amplifier; and an 
antenna side matctiing drcuit interposed t)etween ttie 
wire and the diangeover switch for matching the char- 
ts acterislic irrpedance of the wire with the input inped- 
ance of ttie receiver amplifier. 

In the second transmitting/k'eceiving circuit, ttie 
transnission signal output from the transmitter amplSier 
is input to the ctiangeover switch via the transmitter 

50 matdiing droit, wtitle ttie received signal output by the 
diangeover switch is input to the receiver amplKer via 
no matctiing drcuit Therefore^ wHtiin the diangeover 
switdi, ttie output impedance of ttie transmitter anpiifier 
is matched with ttie input inpedance of ttie receiver 

55 ampTifier, and both the output impedme and the input 
iirpectence are small in the changeover switch. As a 
result, the isolation characteristic of the changecver 
switch can be improved and the area occupied by the 
changeover switch can t>e minimized. 
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Furthei'iiKMBi sinoe the cfaractenstic impedance of 
the wire is matched with the input impedance cf the 
receiver airp&fier by th9^flffervV8xi9ffMBMi^cftciit 
the transmitter matching circiit has a function merely to 
match the output impedance of the transmitter ampGfier 
with the vfKitinpedance of tfie receiver anpGfier. There- 
fore; the area occi4)ied by the transmitter matching cir- 
cuit can be minimized. Thus* a chp including the 
transmitter ampfiHer. the receiver ampGfier and the 
changeover switch, and in its turn, the radiooommunica- 
tion apparatus including the chip can be made compact 
and the production cost can bB re du ced. 

Since the antenna side matching drcuit is inter- 
posed between the wire and the changeover switch, 
when the transmitter anplifter, the receiver ampfifier and 
the changeover switch are integrated on one chipt the 
antenna side matching circuit can be formed outside of 
the ch^. TTtis resutts in a further more compact chp, a 
further more compact racfiocommunication apparatus, 
and a further lower production cost 

A third transnwtting/ireceiving drcuit for a racfiocom- 
murticalion apparatus of ttie invention comprises a trans- 
mitter amplifier for amplifying an input transmission 
signal and outputting the ampGfied transiressfon signal; 
a receiver ampGfier for arrplifying an irput received sig- 
nal and outputting the amplified received signal; a 
changeover switch having an antenna side inputfoutput 
tern^nal through wftich ttie transmission signal is output 
to an antenna via a wire having prescra^ed cfiaracteristic 
impedance and the received signal is input from the 
antenna via the wire, for switching a first conr^ection state 
for outputting the transmission signal received from the 
transmitter amplifier to the anterwia side irput/bulput ter- 
minal and a second connection state for outputting the 
rec«ved signal received through the antenna side 
input/butput terminal to 'the receiver amplifier, from one 
to the other; a transmitter matching drcuit interposed 
between the transmitter ampGfier and the changeoMer 
switch for matching tfie output impedance of the trans- 
mitter ampl^er with optimal characteristic irrpedance of 
the changeover switch; a receiver matching drcuit inter- 
posed t>etween the changeover switch and the receiver 
airplifier for matching ttie input impedance of the 
receiver amplifier wHh the optimal characteristk: imped- 
ance of the changeover switch; and an antenna side 
matching drcuit interposed between the wire and the 
changeover ONritch for matching the characteristic 
impedance off Ihe virire with the optimal characteristic 
inpedance of the changeover switch. 

In the tfiird bansiiulting/ireceiving drcuit, the trans- 
mission signal output from the transrrvtter amplifier is 
irput to the changeover switch via the transrntter matctv- 
ing circuit whfle the received signal output from the 
changeover switch is input to the receiver ampGfier via 
the receiver matching drcuit Therefore; wiltiin the 
changeover switch, the output impedance of the trans- 
milter arvpGfier is matched with tfie input impedance of 
the receiver amplffier, and t)oth the output irvpedance 
and the bput Inpedance are small in the changeover 



switch. This resiits in inproving the isdafion character- 
istic of the changeover switch. 

Shoe trie cfiaracfiarfetfo impedance of the changeo- 
ver switch can be optinrized, the area ocapied by the 

s changeover switch and the insertion loss of a through 
FET therdn can be minnnized. 

The transnvtter matdiing drcuit has a function to 
merely match tfie output impedaiKe of tfie transmitter 
arrpGfier with tfie optimal characteristi c impedance of tfie 

10 cfiangeover switch, and the receiver matching drcuit has 
a function merely to match the input inpedance of the 
receiver arrpGfier with the optimal cfiaracteristic inped- 
ance of tfie changeover switch. Aoconfingty, the areas 
occupied t^ the transnvtter matching drcuit and the 

IS receiver matching circuit can be both niniinzed. Thus, 
a chip including the transmitter amplifier, tfie receiver 
anpBier and tfie ctiangeo¥er switch, and in its turn, the 
radiooomrnuriication apparatus iriduding tfie cfiip can be 
made compact and tfie production cost can t>e reduced. 

20 Since the antenna side matching circuit is inter- 
posed t>etween the wire and the cfiangeover switcfi, 
wfien tfie transmitter anpGfier, the receiver amplifier and 
the cfiangeover awitch are intonated on one chp, tfie 
antenna side matching drcuit can be formed outside of 

2S the cftipi This resutts in a further more compact chip, a 
further more compact radiocommunication apparatuSi 
and a further Imer production cost 

Afburth transmitting/ireceiving drcuitfor a radiocom- 
munication ^paratus of tfie invention comprises a trans- 

30 mitter ampl^er fiaving at least one amplffier FET for 
amplifying an input transmission signal; a receiver ampG- 
fier for anplifyirig an input received s^nal and outputting 
the arrplified received signal; a cfiangeover switch 
including an antenna side input/output terminal tfirough 

35 which the transmission signal is output to an antenna and 
the received signal is input from the antenna, a transmit- 
ter ttvough FET and a transmitter sfiunt FET connected 
in series to each other, and a receiver tfirough FET and 
a receiver shutit FET connected In series to each other, 

40 for switcfiing a first connection state for outputting tfie 
transmission signal received from the transmitter arrpG- 
fier to the antenna side InputAoutput terminal and a sec- 
ond connection state for outputting the received signal 
received tfirough the antenna side inputfoutput terminal 

45 to ttie receiver amplifier, from one to the other. The ampG- 
fier FET at tfie last stage of the transmitter ampGfier also 
works as ttie transmitter shunt FET of ttie cfiangeover 
switch. 

In the fourth transmitting/receiving circuit since the 
50 amplff ier FET at the last stage of the transmitter amplifier 
also works as the transmitter shunt FET of the cfiange- 
over switcfi, there is no need to separately provide a 
transmitter shunt FET of the changeover switch. There- 
fore, the configuration of the transmilting/ireceiving drcuit 
55 for a racfiooommunication apparatus can be simplified 
and tfie number of required elements can t>e reduced, 
and fience, the radooommunication apparatus can 
become more conpact and more reliable. 
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A first semiconductor ink^'^tiJ circuit device of the 
invention ooiiyi'isesa s^ankk Xk J u ctor subabalp; a tiai^ 
milter ainpfifier tormed on Ih&'SflfiCDndtJClor'Substrato " 
for anplifying an input buiibiiibbion signal and ou^putfing 
the amplified transmission signal; a receiver emptier 5 
formed on the semicOTluctor substrate for ampTrfying an 
irput received signal and outputting tho ampfiied 
received signal; a cfiangeover sMfftch formed on the senv 
iconductor substrate and having an antenna side 
irput/butputtenrninal through which tfietFarisnrussionsig- w 
nal output to an antenna via a wire having prescribed 
characteristic impedance and an antenna side m a tc hin g 
circuit for matctiing the characteristic impedance of the 
wire with the output irnpedarK» of the trarisnrvtter ampli- 
fier and the received signal is input from the antenna via rs 
the wire arid tfie antenna sid e matctiing droit for switch- 
ing a first connection state for outputting the transmission 
signal received from the transmitter ampiffier via no 
matching ctrcuit to the antenna side ir^xjt/butputterrrinal 
and a second connection state for outputting the 20 
received signal received ttirough the antenna side 
irputAxjtput terminal to the receiver amplifier, from one 
to the dther; and a receiver matching cimdt formed on 
the senuoonductor sut)6trate and interposed between 
the receiver amplifier and the changeover switch for 25 
matching the Input impedance of the receiver amplifier 
with tfie output irnpedance of the transmitter arrplifier. 

In the first semiconductor integrated drctflt device^ 
ttie transmitter amplffier, the receiver ampler, tfie 
changeover switch and tiie receiver matching circuit of 30 
the first transmitting/ireceiving circuit are formed on one 
semiconductor sutjstrate. Accordingly, tfie transmitter 
amplifier, ttie recover amplifter, ttie cfiangecver switch 
and the receiver matcfting circuit of the transmit- 
ting/deceiving circuit can t>e definitely integrated on one 36 
cfiip. 

In the first semiconductor integrated circuit device^ 
tfie antenna side matching circiflt can be formed on tfie 
semioonductor sut)strate In tfvs case, the transmitter 
ampfifier. the receiver amplifier, the changeover switch, 40 
tfie receiver matctiing circuit arxi the antenna side 
matctiing circuit can bB integrated on one chipi 

In the first semioonductor integraited circut device^ 
tfie changeover switch preferably fias a transmitter 
through f=ET and a transmitter shunt FET conn e cted in 45 
series to each otfier and a receiver through FETand a 
receiver shunt FET connected in series to each other, 
tfie transmitter anplifier prefoiabfy ftas at toast one 
amplifier FET for arrpGfying the input transnrvssion sig- 
nal, and the ampGfier FET at the last stage of the trans* 50 
mitter ampl^er preferatjiy wori® also as the transmitter 
sfiunt FET of the cfiangeover switch. When tfiis config- 
uration is adopted, there is no need to separately provide 
a transmitter sfiunt FET of tfie diangeover switch. 

AsecondsemiconductorintegratedGircuitdeviceof 55 
tfie invention comprises a semiconductor substrate; a 
transmitter ampOfier formed on the semiconductor sub- 
strate arid havirig at least one arnplifier FET for amplify- 
ing an input transmission signal; a changecMr switch 



formed on the semiconductor substrate and fiaving an 
anterwia side irput/output terminal tfvough wfich tfie 
MtMtBBlorf' siyiic# is^ Afsnf fl^ art* Aitem ancf a* 
received spinal is irput from tfie antenna, a transmitter 
through FET and a transmitter shunt FET connected \n 
series to each other, and a receiver through FET arvJ a 
receiver sfiunt FET connected in series to each other, for 
witcfiirig a first oonriection state for outputtirig tfie traris- 
mission signal received from Itie transmitter anpGfier to 
theantenna side irqxjt/butput terminal and a second con- 
nectfon state for outputting the received signal received 
through tfie antenna side input/bulput terminal to a 
receiver ampGfier, from one to the olfier. Tlie amplffier 
FET at the last stage of the transnitter anpfifier also 
works as tfie transmitter shunt FET of the changec^er 
switcft 

In tfie second senvcorvtuctor integrated circuit 
device, there is no need to separately provide a trans- 
mitter shunt FET of the changeover switch, and hence, 
the configuration of tfie transmitting/receiving circuit for 
a ratfioconvnunication apparatus can be simplified. 
Therefore, tfie number of required elements can be 
reduced, and in addition, tfiere is no need to adjust tfie 
transmitting/ireceiving circuit, wfiich othenme conven- 
tionally requires great efforts. As a resist not only the 
racfiooomnunication apparatus can become more conv 
pact and more reOatsle, txit also the transmitter srnplBher, 
the receiver amplifier, the changeover switch and the 
receiver matching drcut can be definitely integrated on 
one ch^ with ease. 

A first racfiocommunication apparatus of the inven- 
tion comprises an antenna; a wire connected to the 
antervia arvl fiaMng prescrfoed cfiaracteristic imped- 
ance; a transmitter amplifier for amplifying an input trans- 
mission signal and outputting the ampl'rfied transmission 
signal; a receiver Wnplffter for amplifying an irput 
received signal and outputting the amplified received sig- 
nal; a cfiangeover switch liaving an antenna side 
inputfoutput terminal throuQ^i wfiich the transrrission sig- 
nal is output to the antenna via the wire and the received 
signal IS input from the antenna via the wire, for switcfiing 
a first connection state for outputting the transmission 
signal received from tfie transmitter amplifier via no 
matcfiing drcuit to tfie antenna side irputfoutput terminal 
and a second connection state for outputting the 
received signal received through the antenna side 
inputfoutput terminal to the receiver amplifier, from one 
to tfie otfier; a receiver matching drcut interposed 
between the receiver amplifier and the changeover 
switch for matching the Input impedance of the receiver 
arrplifier with tfie output Irrpedance of the transmitter 
amplifier; and an antenna side matcfiing drcuit inter- 
posed between the wire and the cfiangecver switch for 
matcfiing tfie cfiaracteristic irrpedance of tfie wire with 
tfie input impedance of the tr a n sm it te r amplifier. 

A second radBoconrvnunication apparatus of the 
invention comprises an antenna; a wire connected to the 
antenna and fiaving prescribed cfiaracteristic irrped- 
ance^ atransmitter anpfifier for anpfifying an input trans^ 
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nfesion signal and oulputting the anpOfi^ 
signal: a receiver anpGfier for ampOfying an input 
recen«ya"gna>anrfou< wiiii i g ft Ba i i|j t ri^ ^ 
nal; a changeover siMtch having an antenna side 
irput/bulput terminal through wtvch the transmissm^ 
nal is output to the antenra via the wire and the received 
signal is input from the antenna via the wffe^ for SHvitching 
a first connection state for oulputting the transnission 
signal received from the transmitter anpiffier to the 
antenna side input/output terminal and a second con- 
nection state for outputting the received signal received 
through the antenna side inpuUbulput terminal to the 
receiver amplifier via no matching drcuit, from orie to the 
other; a transmitter matchlrtg circuit interposed between 
the transmitter amplSier and the changeover switch for 
matcNng the output impedance of the transmitter amp6- 
fier with the input impedance of the receiver ampllSRer, 
aixl an anterra side matching circuit interposed 
between the wire and the changeover switch for match- 
ing the characteristic impedance of the wire with the irput 
Impedance of the receiver arrpfifier. 

A third racfiocommunication apparatus of the inven- 
tion comprises an antenna; a wire connected to the 
antenna and having prescrit>ed characteristic imped- 
ance; a transmitter airpllfier for arnplifying an input traits^ 
mission signal and oulputting the iunpGfied transmissfon 
signal; a receiver anf)Gfier for amplifying an input 
received signal and oulputting the amplified received sig- 
nal; a cfiar^geover switch fiaving an antenna side 
input/butput terminal through wtvch the transmission sig- 
nal is output to the antenna via the wire and the received 
signal is input from the antenna via tfie wire, for switching 
a first connection state for outputting ttie transmission 
signal received from the transmitter amplifier to the 
antenna side input/output terminal arxl a secorxi corv 
nection state for oulputting the received signal received 
through the antenna side input/butput terminal to the 
receiver amplifier; a transmitter matching circuit Inter- 
posed k)etween the transmitter amplifier and the cfiange- 
over switch for matcfung the output inpedance of the 
transmitter amplffier with optimal cfiaracterstic imped- 
ance of the changeover switch; a receiver matching cir- 
cuit interposed t>elween the cliangeover switch and the 
receiver amplifier for matching the input impedance of 
the receiver amplifier wHh the optimal cfiaracteristic 
impedance of the changeover switch; aixf an antenna 
side matching circuit interposed between the wire and 
the cfiangeover switch for matching the characteristic 
inpedance of tfie wire with the optimal dtaracteristic 
impedance of the changeover switch. 

Any of the first through third radioconununlcation 
apparatuses can attain a reduced size and a lower pro- 
duction cost, and the isolation characteristic of the 
changeover switch can also be improved 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure la is a schematic cfiagraun of the rough con- 
figuration of a conventional Iransmilling/ireGeiving 



drcuit for a racfiocornrnunication apparatus, arid Fig- 
ure lb is a scfiematic diagram of tfie rough configu- 
ration^ of 8 t raigJw'Ulng/ ln Bce i v fng dreuir tor a 
racf ocommunication apparatus according to a first 
5 emkxxfiment of the invention; 

Rgure 2 is a cfiagram showing a specific configura- 
tion of the transmiUing/'receiving circuit for a rado- 
communication apparatus according to the first 
embodiment; 

10 Rgure 3 is a Smith cfiart of an impedance matcfiing 

state used for de8crit>ing the operation of the trans- 

mitting/lreceiving circuit for a racBocommurticaBon 

apparatus of the first emtxxiiment; 

Rgure 4 a schematic cfiagram of tfie rough config- 
75 uration of a transmitting/ireceivirig circuit for a raifio- 

oommurocation apparatus aooonfing to a second 

errfoodiment of the inventfon; 

Rgure Sa and 5b are sctiematic cfiagrams of ttie 

rough configurations of transmitting/irecefving ctr- 
so cuits for a radiocommunication apparatus according 

to third and fourth enfoodimems of the invention. 

respectively; 

Figure 6 IDuslrates optimal cfiaracteristic impedance 
of a cfiangeover switch used in the transmit- 

25 ting/ireceivingcircuitforaradiocommunicationappa- 
ratus of the fourth embodiment; 
Figure 7 is a (fiagram showing a specific oortfigura- 
tion of a transinitting/treceiving circuit for a racfiocom- 
munication apparatus according to a fifth 

30 emtxxiiment of the Invention; arxf 

Rgure 8 is a cfiagram showing a specific configura- 
tion of a conventional trar^smitling/ireceiving circuit 
for a radiooomrrHinication apparatus^ 

35 DETAILED DESCRIPTION OF THE INVENTION 

The present invention will now t)e descrflMd by way 
off example referring to the accompanying drawings. 

40 (Enixxfiment 1) 

Figure la is a schematic diagram of the rough con- 
fig^iration of a conventional transmitting/irecseiving circuit 
for a radiocommunication apparatus and Figure lb isa 

45 schematic diagram of the rough oonfiguraticxi of a trans- 
mitting/receiving circuit for a radiocommunication appa- 
ratus of tfiis emtxxf iment 

In the transinitting/lreceiving circiit (if Figure la, as 
is descritied atxive regarcfing the tiackground art wires 

so each tiaving characteristic Impedance of 50 Q are 
respectively provided t>etween an antenna and a 
changeover switch, between a transmitter aiTipllfier and 
the changeover switch, and belweenareceiver low noise 
aiTf)Gfier and ttie cfiangeover switch. Therefore^ matcfi- 

55 ingdroHlsareinterposedtietweenthetransrnitterarnpfi- 
fier and the wire with cfiaracteristic impedance of 50 Q 
and k)etween the receiver low noise amplifier and the wire 
with cfiaracteristic impedance of 50 £1 



13 



EP0700169A2 



14 



In contrast in the tmnsmittingA^eceiving circuit of 
Figiffe although an antenna andacharigeoversMritch 
are connected to each o^srvifftftiinvlflrtniycliaractef^ 
istx;inpedanceol50 a avinrewithchaFacten^inrp^ 
ance off 90 Q is interposed neither betwreen a transmitter 
ampGfter and the changec^er switch nor between a 
receiver low noise ampfSier and the changeover switch. 
Furthermore, although a receiver m a tc hin g circuit is 
interposed between the receiver low noise anpiifter and 
the changeover switch, there pn^ided no matching cir- 
cuit between the transmitter ampGrier and the changeo- 
ver switch. In the circuit of Hgure 1b^ the impedance is 
matched between the transmiller ampffier and the wire 
with characteristic impedance of 50 Qby an antenna side 
matching circuit disposed t>etween the wire with charac- 
teristic impedance of 50 Q and the changeover switcti, 
and the receiver matcNng circuit matches the inped- 
ance of the transmitter ampiSter with that of the receiver 
low noise amplifier 

Now, a specific configuration of tfie transmit- 
ting/receiving drcuit tor a radiocomnunication appa^^ 
of tftts embodiment wQl be descrbed referring to Figure 
2. 

The transnitling/lreceiving circuit of Rgure 2 com- 
prises a transmitter amplifier 10. a receiver low noise 
amplifier 20. an antenna 30 for transmitting and receiving 
a signal, and a changeover switch 40 for switching tfie 
connection t}etwe6n tfie trarsmitter amplifier 10 and tfie 
antenna 30 and the connection t)etween the receiver low 
nose amplifier 20 and the antenna 30. from one to the 
other. A first wire 51 having characteristic impedance of 
50 Q is interposed between tfie antenna 30 and tfie 
cfiangeover swntch 40. A receiver matcfiing circuit 60A 
matches the input impedance of the receiver low noise 
anplifier 20 with the output Inrpedarice of ttie transmitter 
amplifier 10. An antenna side matcfiing c^cuit 70A 
matcfies the input impedance of the receiver low noise 
amplifier 20. which is matched with tfie output imped- 
ance of the transmitter ampGfier 10 t}y the receiver 
matching circuit 60A, with the characteristic impedance 
50 Q of the first wire 51 . A first coupling capacitance 81 A 
(firectly couples the output of the transmitter amplifier 10 
and the input of tfie cfiangecver switch 40. A second cou- 
pling capadtanoe 82A (firecHy coupes the receiver 
matching circuit 60A and the changeover switch 40. In 
the drcuit of Rgure 2. a matcfiing circuit 13 matches an 
FET 12 at the first stage with an FET 14at the last stage, 
wfilch is not related to the spirft of tfie invention. 

The transmitter amplifier 10, tfie receiver low noise 
amplifier 20. the changeover switch 40 and the receiver 
matcfiing drcuit 60A are formed on one semioonductDr 
substrate as an integrated drcuit 1. 

The transmitter amplffier 10 of Rgure2 has the FET 
12 at the first slaga the FET 14 at the last stage, and the 
matcfiing drciflt 13 indudng capacitances 16 and 18 
and an inductor 1 7 for matching the FET 12 with the FET 
14. The transmitting/receiving integnrted drcuit 1 is pro- 
vided with supply tenrivnals ISA. Aninduclor 19A is inter- 
posed between the gate temninal of the rear FET 14 and 



a bias voltage Vgl. and inductors 19B are interposed 
between tfie sMpply terminals 15A and a sif)ply voltage 
\\lEft.'Tlie liurftiiulluiyAiceiviri^inle^QtB^ is 
further provided with a reception wave output terminal 

5 23A. An inchx:tor24A is interposed between tfie ^e ter- 
minal of a low noise FET 22 m the receiver low noise 
ampGfier 20 and a bias voltage Vg2, and an onductor 24B 
is interposed l)etween tfie reception wave output termi- 
nal 23A and a supply voHage Vdd2. The antenna side 

10 matching drcuit 70A has capacitances 71 and 73 arvj an 
inductor 72. 

Tfie operation of tfiisUuiifaf I lilUiig/ireceivirig drcuit for 
a racfiocorrvnunication apparatus wiD be descrbed refer- 
ring to Figures 2 and 3. 

75 Rgure 3 is a Smith cfiart allowing the output matcfi- 
ing state of tfie transmitter amplifier 10 and the input 
matching state of the receiver low noise amplifier 20. Tfie 
input impedance of the receiver low noise amplifier 20 
using a QaAs FET is generaDy positioned around a point 

20 A in Rgure 3, and the output impedance of the transmit- 
ter ampl^ 10 is generaDy positioned around a point B, 
(17 -j 8.8) a 

In the conventional transmitting/lreceiving circuit, tfie 
input impedance to the receiver low noise amp&fier 20 is 

25 matched with the impedance of 50 Q k}y the receiver 
matcfiing circuit SOB and tfie output impedance of the 
transmitter amplifier 10 is nratcfied with the Impedance 
of 50 O tfie transmitter matching drcuit 70B. as 
descrS>ed refem'ng to Rgure 8. Spedftcally. the input 

30 impedanceof the receiver low noise amplffier 20 at the 
pdnt A is matched to be positioned at a point C by the 
receiver niatching drcuit 60B^ and the output irnpedanoe 
of tfie transmitter amplifier 10 at tfie point B is matcfied 
to be positioned at the point C by tfie transmitter match- 
as ing drcuit 70B. Tfiis is because the input impedance of 
the receiver low noise ampfif^ 20 and the output imped- '* 
ance of tfie transmitter amplifier 10 sfiouU be nratcfied 
vwth the impedance of the wires having ch ar act e r is tic 
impedance off 50 Q. 

40 In this ent)0diment in contrast, the input irrpedance 
of the receiver low ndse ampl^er 20 is matcfied with the 
output impedance (at the point B) of the transmitter 
ampfifier 10 by tfie receiver matcfiing circuit 60A. The 
resistance at the point B Is (17 - j 8.8) Q, which is sigruf- 

46 icantly smaller than the characteristic impedance 50 O 
of the first wire 51. 

Theoufputinpedanceof the transmitter amplffier 10 
and the input impedance of the receiver low noise ampG- 
fier 20 both at tfie point B are matched with the charac- 

50 terislic inrpedance (50 Q) of the first wire 51 tiy the 
antenna side matcfiing drcuit 70A. In other words, an 
arrow from tfie point A to tfie point B incficates the matcfi- 
ing by the receiver matching drcuit 60A, and an arrow 
fromthepoint BtothepointC(50 O) indicates thematch- 

65 ing by the antenna side matching drcuit 70A. Tfie spirit 
of Embocfiment 1 is in tfiat both tfie input impedance of 
the receiver low ndse amplifier 20 matched to k>e posi- 
tioned at the point B and tfie output irrpedance of tfie 
transmitter amplifier'10 at the point B are matcfied to be 
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positioriGd at 1h8 point C tsy 1h6 antenna sida matching 
circtitTOA. 

Now, tfie receivnig operatSbn of (Re transn^ 
ting/^eoeMng circuit will be descnbed. 

A received signal input through the antenna 30 s 
passes through the first wire 51 having characterisyc 
impedance of 50 ft subjected to inpedanoe oonvereion 
by tfie antenna side matcfiing circut 70A, and input to 
an antenna side input/oulput terminal 41 A. At this point, 
in tfie cf)angec¥er switch 40, a first FET 43 serving as a io 
transmitter sfmnt FET and a tfurd FET 45 serving as a 
receiver tftrough PET are on and a second PET 44 serv- 
ing as a transmitter tfvough FET and a fourth FET 46 
serving as a receiver sfturrt FET are turned off t)y control 
signals input ttvough switch control si^nl input temi- is 
nais 42A. as is descr9)ed referring to the conventional 
circuit Therefore, tfie received signal input through the 
antenna side tnputftxjiput terminal 41 A passes tfvough 
tfte tfiird FET 45 in an on state to t>e transferred to the 
receiver unit Further, the transnvtter unit Is electrically 20 
separated from the antertna because the second FET44 
is off , and is sfiort^ircuited by the first FET 43 in an on 
state. 

The rectived signal having p^sed through the third 
FET 45 in an on state is input to the receiver matching 25 
circuit 60A tfvough the second coupling capacitance 
82A. The received signal having been input to the 
receiver matcfiing circuit 60A is sutsjected to the Imped- 
ance matching by two inductors 61 and 62, amplified by 
tfie low noise FET 22 in tfie receiver low noise ampfifier 30 
20, and then output through tfie reception wave output 
terminal 23A. 

The transmitling operation of this circuit wiD now be 
desabed. 

A modulated transmission wave is input to a trans- as 
niission wave input ternrttnal 1 1 A. The input transmission 
wave is subjected to first power amplification by the FET 

12 at the first stage, input tfvough the matcfiing drctnt 

13 to the FET 14 at the last stage, and sut)jected to sec- 
ond power amplification t)y the FET 14 up to a desired 40 
power level. The amplified transmission signal is (firectly 
input to the second FET 44 of the cfiangeover switch 40 
through the first coupling capacitance 81 A. At tfns point, 
the changeover switch 40 performs a reverse operation 

to tfiat in receiving a signal. Specifically, by control sig- 4S 
nals input through the switch control signal input termi- 
nals 42A, the second FET 44 and the fourth FET 46 are 
turned on and the firGt FET 43 and the third FET 45 are 
turned off. Therefore, the transmtesion signal having 
t)een input through tfie first cotpGng capacitance 81A so 
passes through the secorvi FET 44 in an on state to be 
transferred toward the antenna 30. At this point, tfie 
receiver unit Is electrically sep a rated from the transmitter 
unit because the third FET45 is off, and is short-circuited 
by the Iburth FET 46 in an on stata The tra nsm i ssi on ss 
signal transferred toward the antenna 30 is input to tfie 
antenna side matcfiing circuit 70A, sul)jected to imped- 
ance conversion to fiave cftaractaristic irvpedance of 50 
Q the antenna side matching circuit 70 A, and input to 



the antenna 30 tfvough tfie first wire 51 . Then, tfie trans- 
mission signal is output through the antenna 30 as an 

In Embodiment 1, tfie input inrpedance of tfie 
receiver low noise ampler 20 is matched with tfie output 
inpedance of the transmitter anpRfier 1 0 t>y the receiver 
ma t chin g circuit 60A in tWs manner. As a result there is 
no need to provide a matcfiing circuit i>etween tfie trans- 
mitter anptffier 10 and the cfiangeover switch 40. and 
the transmitter ampfffier 10 can k)e (firectly connected to 
the cfiangeover switch 40. Thi^ it is possit3le to 
decrease the cfiaracteristic impedance of tfie cfiangec^ 
ver switch 40 to be lower than 50 a This results in low- 
ering tfie cfiaracteristic impedance of a portion t>^ween 
the cfiangeover switch 40 and tfie antenna skie matcfiing 
drcurt 70A to be smaO er than 50 a Therefore, fewer sig- 
nals leak from tfie transmitter anpOfier 10 to tfie receiver 
kNv noise ampliTier 20 when tfie cfiangeover switch 40 
switcfies on tfie connection t)etween the transrrutter 
emptier 10 and the anterma 30, thereby improving the 
isolation cfiaracteristic. Also, wtien the cf»ngeover 
switch 40 switcfies on tfie oormection t)etween the 
receiver low rioise arnplffier 20 arid the anteriria 30, fewer 
signals leak from tfie receiver low noise amplifier 20 to 
the transmitter ampltfier 10. 

In addition, since the anterma side matching circuit 
70A can be dispose d between the antenna 30 and the 
antenna side input/bulput temnnal 41 A, the antenna side 
matcfiing circuit 70A can be taken out of the transnrut- 
ting/receiving integrated circuit 1. Accordingly, the area 
of the integrated chip can t>e decreased, resulting in 
reducing the size and the cost of the transmittingA'eceiv- 
ing circuit 

Furthennore. since the antenna side matcfiing cir- 
cuit 70A is conrnonly used in receiving and transnntting 
a signal, the size of the receiver mafehing circuit 60 A can 
be decreased, resulting in firtier reducing the size and 
ttie production cost of the entire cfii|pL 

In tfie transmitting/lreceiving circuit of Errbocfiment 
1. it is possUe to integrate the antenna side matcfiing 
circuit 70A with tfie transmitting/ireceiving integrated cir- 
cuit 1. 

(Errbocfiment 2) 

A semiconductor integrated circuit devk^e of Errixxf- 
iment 2 of the invention will now be descril)ed referring 
to the acoompariying drENving. The semiconductor inte- 
grated circuit device of this embodiment realizes the 
transrretting/ireceiving circuit for a radiocommunication 
apparatus of Embodiment 1 , and is operated in tfie same 
marmer as descril>ed in EntoJiment 1 . 

Figure 3 is a diagram showing the layout of the sem- 
ioonductof integrated circuit device of Embodiment 2. 
wherein like reference numerals are used to refer to Ite 
elements used in Embocfiment 1 sfiown in Rgure2 and 
thedescriptfon thereof is omitted. The FET 12 atthe first 
stage of the transmitter ampltfter 10 is oonstnjcted with 
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a draia a gate, a source, a gate and a drain suocessively 
illustrated in this Older from the left 8kte of the drai^^ 

The semioonductor fritegratBCf cnrcuit dMce ot^- 
ure 3 conrprises a pad 101 for a ground tennna). a pad 
102 for the sufiply ternrinal 15A, a pad 103 for the 
antenna skie inpul/bulput terminal 41 A, a pad 104 for the 
sivitiiicoritrQl 819^ input teiiiuiial42A connected to ttie 
INid FET 45 of the charigeover swritch 40, a pad 105 for 
the ground terminal and the source terniinal of the FET 
1 2 at the first stage of the transmitter arrpOfier 1 0, a pad 
106for the transmission wave inputtermtnal IIAandtfie 
gate terminal of the FET 12at the first stage of the trans- 
mitter anpGfier 10. a pad 107 Ibr the gate terminal of the 
second PET 44 of tf« changeover SHvitch 40. a pad 108 
for thesMvitch control signal input ternriiriat42A connected 
to the first FET 43 of tfie diangeover svvitch 40. a pad 
109 for the switch control signal input termirial 42A oori- 
nected to thefburth FET46 of the changeover switch 40. 
a pad 110 for the ground terminal, and a pad 111 forttie 
reception wave output terminal 23A. 

In tf^ manner, when the entire elements construct- 
ing the transmiUing/ireoeiving circuit are integiated on 
one chipt the circiDt oonfiguiHtion of Emtxxfiment 1 ena- 
ksles the antenna side matching dncuit 70 A. wtiich is con- 
ventfonaDy required to t>e integrated in the cfiip^ to be 
cGsposed outside of the ch'p. 

In addition, since tfie antenna side matcfvng circuit 
70A is commonly used in transmitting and receiving a 
signal, the sizes of ttie inductors 61 and 62 included in 
the receiver matching circuit SOB can be deaeased, 
resulting in realizing a conrpact and inoqpensive semh 
conductor integrated circuit device. 

The transmitter amplifier 10, tfie receiver tow rioise 
amplifier 20 and the cfangecver switch 40 of Embocfi- 
ment 1 use GaAs FETs, which can be replaced with sil- 
icon MOSFETa 

(Errfoocfmentd) 

A transmilliiig/ireceiving circuit for a radiocommuni- 
cation apparatus of Embodiment 3 of the invention wfll 
new be descrfoed referring to the accompanying draw- 
ing. 

Rgure 5a shows the rough configuration of the 
transmittingA'eceiving circurt for a radiocommunication 
apparatus of this embodiment, which is different from 
thatof Embocfimentl in the following points: A transmit- 
ter matcfiing circuit is provided t>etween a transrnlter 
amplifier and a cfiangeover switch, whfle no matcfiing dr- 
cuit is disposed between a receiver tow noise amplifier 
€Uid tfie cfiangeover switch in tfiis emkxxJimenL 

In order to adopt tfiis configuration, a silicon bfX)lar 
transistor and a GaAs FET are required to be used In the 
receiver low noise annplifier and the transmitter anrf)lff^^ 
respectively. In addition, the input impedance of the sili- 
con bipolar transistor is recpjirad to be lower tfian tfiat of 
the GaAs FET. In this case^ the input impedance of the 
tiansrnitterarnpGfier should be lowered by the transmittBr 



matching drcuit to be matched with the output imped- 
ance of tfie receiver low nme amplffter. 

(EmbocGment 4) 

5 

A tran sm itl i ng/irecaving drciit for a racfiocomnuni- 
cation apparatus of Embocfiment 4 of the invention will 
now be descril>ed referring to the accompanying draw- 
ing 

10 Rgu-e 5b sfiows the rough configuration of the 
transmittingA'eceiving circuit for a r a di oco m munication 
apparatus of tfiis embodiment, wherein a transmitter 
matching drant is (fisposed between atransmitterampG- 
fier and a cfiangeover switch and a receiver matching 

75 drcuit isdisposed t>etween a receiver low vokse amplifier 
and the cfiangeover switch. TYus configuration is appar- 
ently similar to Ifiat of tfie conventional transmit- 
ling/lreceiving circuit txit Is different In thefoDowing pointi 
The cf^racteristic Impedance of a wire ext^icfing 

20 between an cuitenna side matching circuit and an 
antenna is 50 a while that of a wire extending between 
the antenna side matcfiing circuit and tfie cfiangeover 
switch IS set to k>e optimal for the cfiangeover switch in 
Entxxfiment 4. 

2s Thus, in this emtxxf iment. the impedance of the wire 
from the antenna side matcfiing drcuit to the cfiangeover 
switch is set to be optimal for the changeover switch, and 
in order to attain the optimal inpedance, tfie transmitter 
matching drcuit is provided betweeai the transmitter 

30 amplifier and the cfiangeover switch and the receiver 
matching circuit is provided t>etween the receiver low 
noise amplifier and the cfiangeover switdi. 

Now, the significance of setting tfie impedance of tfie 
portion k>etween the antenna side matching drcuit and 

55 the cfiangeover switch at an optimal value for the 
cfiangeover switch wOl t>e de8crit>ed refening to Figure 6. 

The configuration of Rgure 6conf)rises a transmit- 
ter amplffler 10, a receiver low noise amplifier 20, an 
antenna 30 for transmitting and receiving a signal, a 

40 cfiangeover switch 40. a first wire 51 with characteristfo 
impedance of 50 Q connecting the antenna 30 to the 
changeover switch 40,atransmitter matching circuit 60C 
for matcfiing tfie output impedance of the transmitter 
arnplifier 10 with the optirnal characteristic irrpedance of 

45 the changeover switch 40, a receiver matcfiing drcuit 
60D for matching tfie input impedance of tfie receiver low 
ndse amplifier 20 with the optirnal characteristic irnped- 
ance of tfie cfiangeover switch 40, an antenna side 
matcfiing drcuit for matching the optimal cfiaracteristic 

so impedanceof1hecfiangeoverswitch40withthecharac- 
teristic impedance of 50 a of tfie first wire 51 , a first cou- 
pling capacitance 81A for coupling the transmitter 
matching drcuit 60C and the charigeover switch 40, and 
a second coupling capacitance 82A for coupling the 

55 receiver low noise amplifier 20 and the cfiangeover 
switch 40. 

Rrst in tfie case where the cfiangeover switch 40 
switdies on tfie connection between the trarwiitter 
amptifier lOand the antenna 30, insertion loss of the sec- 
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ond FET 44 sennng as a transmitter thnxjg^ FET wfll be 
eExainined. 

When the insertion loss of ffie second FET 44 HS 
Gated by U the feOoMnng expression 1 holds: 

5 

La10xlog((2ZD + Ron)/2xZD)^dB (1) 

wherein ZD indicates the characterisfic impedance of a 
wire 54 on which the second PET 44 is (fisposed. and 
Ron Incficates the on resistance of the second PET 44. io 

In the conventional configuratioa since the charac- 
teristic impedance ZD of the wire 54 is 50 Q as that of 
the fbst wire 51, the foUcwing expression holds: 

L=10xlog((100-fRon)/100) ^dB is 

ThuSk the insertion loss L depends if)on the character- 
istic O-a. Ron) of the second FET 44. 

In contrast, in the configuralion of Embocfiment 4, 
since the transmitter matching circuit 60C is provided, 20 
the characteristic irrpedanoe of the wire 54 can be set 
to t)e optimal for the changeover switch 40. SpecfficaDy, 
tiy inaeasing the value of ZD. tfie value of 
(2Z0-f Ron)/2xZ0)^ can be deaeased, thereto min- 
imizing the insertion loss L of the second FET 44. 25 

Furthermore^ wfien the insertion loss L of tfie sec- 
ond FET 44 is retained to be constant, tfie gate width of 
the second FET 44 can k>e minimoed. Specifically, in 
expression 1, when the on resistance at the time of 
ZO = 50 Q is indicated as Rbnl, the on resistance at 30 
tfie time of ZD o 100 Q is indicated as Ron2, and the 
insertion loss L of the second FET 44 is assumed to k)e 
constant, tfie following expression fioldsi 

Lo10xlog({2x50 + Ron1)/2x50) ^ 3S 

» 10 X log ((2 X 100 + Ron2) / 2 x 100)^ 

Rom this expression^ Ron2 a 2 x Roni is obtained. 

Since the on resistance Ron of an FET is inversely 40 
proportional to the gate width VVg of the FET, wfien the 
on resistance Ron is doubled, the gate width Wg is 
halved. SpecfficaDy, since the cfiangeGver switch 40 
occupies the largest area in the Iransmitting/ireceiving 
drcuH the area of the cfiangeover switch 40 can t>e 45 
reduced by optimizing the cfiaracteristic impedance of 
the cfiangeover switch 40 so as to deaease the size of 
the second FET 44 of the changeover switch 40. Thus, 
even when the areas of the transmitter and receiver 
matcNng circuits 600 and GOD are rattier large, tfie area so 
of the cfiangeover switch 40 can k>e furtfier decreased, 
and hence, the enti re area of the tra nsmi tU n g/ireceiving 
circut can be made smaller. In this manner, tfie transmit- 
ting/lreceiving circuit can tie made compact 

Furthermore^ for tfie aforementioned reason, when ss 
the gate wicfth ^A^ of the second FET 44 is constant, the 
insertion loss L of the second FET 44 can be halved. 

In this manner, tyy optimizing the cfiaracteristic 
impedance of the charigeover switch 40, the insertion 



loss of the second FET can be niininnzed In adcfitioa ty^ 
making constant the insertion loss of the second FET, 
tfie gate widtfi of tfie seooraf FE^*anffff its tDm," tlwflm 
of the second FET can be reduced. 

(EmbocSment S) 

A transmitting/deceiving circuit for a radiocommuni- 
cation apparatus accon&ig to Embodlmertt 5 of tfie 
invention win k>edescrit>ed referring to Figure 7. 

The transmitting/ireceiving circuit of Figure 7 com- 
prises a transmitter anrpGfier 10, a receiver low noise 
anpGfier 20, an antenna 30 for transmitting arvi receiving 
a signal, a cfiangeover switch for switching tfie connec- 
tion t)etween tfie transmitter arrpGfier 1 0 and the antervia 
30 and the connection t>Gtween the receiver low noise 
ampler 20 and the antenna 30, from one to the other, 
a receiver matching circuit GOA for matcfiing the input 
inpedance of the receiver low noise arrplifier 20 with tfie 
output impedance of tfie transnvtter amplffier 10. an 
antenna side matcfiing circuit 70Afor matcfiing the input 
impedance of the receiver low noise anplifier 20 and tfie 
output irnpedance of the transniitter amplifier 10, which 
are matched with each other Ijy the receiver matcfiing 
circuit 60A, with cfiaracteristic irrpedanoe of 50 Q of a 
wire connected to the antenna 30, a first coupling capac- 
itance 81 A for drectty onpGng the output of the trans- 
mitter amplifier 1 0 and the input of the changeover switch 
40, and a second coupUng capacitance 82A for directly 
coupBng tfie input of tfie receiver low noise amplffier 20, 
which Is matched with the output inpedance of the trans- 
rnitter anplifier 10 by the receiver matching circuit 60A, 
and the output of tfie cfiangeover switch 40. 

The transnvtter amplifier 10 arvf the cfiangeover 
switch 40 having the atx3ve-descrit>ed coifiguraticn are 
formed on one semiconductor 8ut)6trate 1 . 

The Iransmitting/ireceiving circuit of ErrAxxf merit 5 • 
is cfiaracterized In Ifiat tfie changeover switch 40 has an 
FET 14 disposed at tfie last stage of the transmitter 
ampiffier 10 and serving as a transnvtter shunt FET, a 
second FET 44 serving as a transmitter tfirough FET, a 
third FET 45 serving as a receiver through FET, axid a 
fourth FET 46 serving as a receiver shunt FET. 

The transmitting operation of this circuit wOl now be 
described. 

In transmitting a signal, bias voHages Vgl and Vg2 
are respectively applied to the gate terminals of an FET 
12 at the first stage and the FET 14 at the last stage of 
the transmitter amplifier 10, and a supply voltage Vdd is 
applied to tfie source terminals of the FETs12and 14, 
tfierel>y amplifying a rrxxfulated signal input to ttie trans- 
mitter amplifier 1 0 up to a suffidentty fiigh level to k>e sip- 
plied to the antenna 30. In the cfnngeover switch 40, 
control voltages Vcl and Vc2 are appBed to the respec- 
tive FETssotfiattfiose on the transmitter side are turned 
on arxi those on the receiver side are turned off. Spedf- 
icaOy, for exarrple, tfie gate terminals of tfie second FET 
44 and the fourth FET 46 are stppGed with a voltage of 
0 V as the control voltage Vcl , and the gate terminal of 
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the third FET 45 is suppGed with a voltage of -5 V as the 
oorrtrol voltage Vc2. tn this case^ SHioe there is no need 
to operate the receiver tow noise'anf)GNer20', nsupftf " 
voltage is applied to the receiver tow noise ampl^ 20. 

The receiving operation of the circuit wfll now be s 
described. 

In receiving a signal, a necessary Sifiply voHage is 
appGed to the receiver tow noise ampler 20, thereby 
aDowtng the receiver low noise amplifier 20 to amplify a 
weak signal ttiat has been input from the antenna 30 io 
through the antenna side matching circuit 70A. the 
changeover switch 40, the second coupling capacitance 
82A and the receiver matching circuit 60A to the receivef 
low rxxse amplifier 20. It goes without saying tfiat a Mg^ 
frequency si^ial input to the receiver low noise anpGfier is 
20 at ttus point has t>een si±jected to impedance match- 
ing by the antenna side matching circuit 70A and the 
receiver matching circiitGOA as is descrbed referring to 
Embocfiment 1 . In the cfiangeover switch 40, the control 
voltages Vcl and Vg2 and the bias voltage Vg2 are ao 
app&edtothe respective FETssothatthoseon tfie trans- 
mitter side are turned off and those on ttie receiver side 
are turned on. Specifically, for example, tfie'seoond FET 
44 and the fourth FET 46 are supplied with a voltage of 
-5Vc£thecontrol voltage Vcl and the third FET 45 is 2S 
suppOed with a voltage of 0 V as the control voltage Vc2. 

The FET 14 at ttie last stage of tfie transmitter amplh 
tier 10 serving as the transmitter shunt FET is sifipfied 
with a voltage of 0 V. In receiving a signal, no supply volt- 
age is appGed to the transmitter ampliier lOinorderto 30 
save power of the battery. Therefore, even when the 
grounded FET 14 at ttie last stage is on. no drain current 
flows therethrough. Thus, a high frequency signal can be 
grounded. In this manner, the FET 14 at the last stage 
ofthetransmitterampllfierlOcanworkasthetransmitter 3S 
shunt FET of the cf^ngeover switch 40. Spcictfically, in 
transmitting a signal, since the FET 14 at the last stage 
of the transmitter amplifier 10 works as an FET at tlie 
last stage of the transmitter amp&fier 10, the gate termi- 
nal thereof is suppGed with the kxas voltage Vg2 of. for 40 
example, ^ V. In receiving a signal, the FET 14 at the 
last stage of the transmitter ampGfier 10 works as the 
transinitter shunt FET of the changeover switch 40. and 
hence, the gate terminal thereof is supplied with the t)ias 
voltage Vg^ of, for example, 0 V. 4s 

Thus, tfvs embodiment can sirrplify the oonfigura- 
tton of a transmiUing/lreceiving circuit for a radiocommu- 
nication apparatu& In adcfition. wfien the 
transmittingA'eceiving circuit is formed as a semtoonduc- 
tor integrated circuit, the nunt)er of the elements oon- so 
tained tfterein can be decreased, the size of the resultant 
radiocommunication apparatus can be m inimiz ed, tfie 
area of ttie semioonAiclDr integrated circuit can be also 
minimized, aivl tfiere is no need to acQust a high fire- 
c^en^ si^ial. This results in a low produdton cost of ss 
tfie radiocommurtication apparatus. 



Claims 

AttansmrnTngftoceivfiig concuit for % radlbcommuni^ 
cation apparatus compri sin g: 

a transrrvtter ampGfier for ampGfying an input 
transmisston signal and oulputting the ampGfied 
transmission signal; 

a receiver amplffier for ampGfying an Input 
received signal and outputting tfie ampGfied 
received signal; 

a cfiangeover switch having an antenna side 
input/bu^put terminal tfirough wfiich the transmis- 
sion signal is output to an antenna via a wire having 
prescribed cfiaracterisUc impedance and tfie 
received signal is input from ttie antenna via tfie 
wire, for switcfiing a ftrst connection stsde for output- 
ting the transmission signal received from the trans- 
mitter amplifier via no matching drciittothe antenna 
side input/butput terminal arxJ a second connection 
state for outputting the received signal received 
ttirough the antenna side input/output terminal to the 
receiver anplifier, from one to ttie ottier; 

a receiver matcfung circuit in terpo s ed 
between the cfiangeover switch and the recover . 
amplffier lor matcfiing input impedance of tfie 
receiver ampGfier wrtti output impedance of ttie 
transmitter amplifier; and 

an antenna side matcfiing ctrcuii interposed 
between tfie wire and the changeover switch for 
matcfiing the characteristto impedance of tfie wire 
with tfie output impedance of tfie transmitter anpG- 
fier. 

2. The transmitting/receiving circuit for a radkxxmimu- 
nication apparatus of Claim 1, further comprising: 

a first ooypGng capacitance interposed * 
between tfie transmitter ampGfier and the cfiangeo' 
ver switch; and 

a second coupling capacitance interposed 
between the cfiangeover switch and the receiver 
maicning cucuiL 

3l The transmittingfrecetving circuit for a rad fo oommu- 
nicatton apparatus of Claim 1 , 

wfierein tfie antenna skte matching circuit is 
drectty connected to the antenna side input/output 
terminal. 

4b ThetransniittingA'eceivingdrcuitforaradiooornrnu- 
ncatton apparatus of Claim 1 , 

wfierein the cfiangeover switch has a trans- 
mitter tfirough FET and a transmitter sfnint FET con- 
nected in series to each other and a receiver tfirough 
FET and a receiver sftunt FET connected in series 
to each ottier, 

the transmitter ampGfier has at least one 
amplifier FET for amplifying tfie input transmisston 
signal, and 

ttie amplifier FET at a last stage of the trans- 
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milter ampGfter also works as the transmitter shunt 
FETofthechangecver switch. 

& A transmrttingA'eceiving circiiit for a racfiooommuni- 
cation cfjparatus conprising: 

a transmitter anpKier for amplHying an input 
transmission signal and outputting the anpGfied 
transmission signal; 

a receiver anpTifier for amplifying an ir^xit 
received signal and outputting the amplffied 
received signal; 

a changeover Mitch having an antenna side 
input/output terinuial through which the transmis^ 
sion signal is output to an antenna via a wire having 
prescrfoed characteristic irTf>edance arvl the 
received signal is Input from the antenna via the 
wtre» for switching a fist connection slate for output- 
tirig the trarisrnssfon sigrial received from the trans- 
mitter amplffier to the antenna side Irput/butput 
terminal and a second connectfon state for output- 
ting the received signal received through the 
antenna side biputfoutput terminal to the receiver 
arrpGfier, from one to the other; 

a transmitt^ matcfvng circuit interposed 
between the transnrutter arrplifier and the changeo- 
ver switch for matching output impedance of the 
trarsmitter amplifier with irput impedance of the 
receiver amplifier; and 

an antenna side matching circuit interposed 
between ttie wire and the changecver switch for 
matching tfie characteristic impedance of the wire 
with the input Impedance of the receiver amplifier. 

6. Atransmittirig/teceivingdrcuitloraratfioconirnuni- 
cation apparatus conprising: 

a transmitter' arrpGfier for amplifying an input 
transmission signal and outputting the arrplified 
trarsmission signal; 

a receiver amplifier for amplifying an irput 
received signal and outputting the amplified 
received signal; 

a changeover switch having an antenna side 
input/output terminal through which the transmis- 
sion signal is output to an antenna via a wire having 
prescrfoed cfiaracteristic inpedance and the 
received signal is input from the antenna via the 
wire, for switching a first connection state for output- 
ting tfie transintesion signal received from the trans^ 
mitter amplffler to the antenna side inpulfoutput 
terminal and a second connection slate fbr output- 
ting the received signal received through the 
antenna side mputfoutput terminal to the receiver 
arrpOfier, from one to the other; 

a transmitter matcfvng circuit interposed 
t)etween the transtrtitter amplifier and the changeo- 
ver switch for matching output Impedance of the 
transmitter amplffier with optimal cfiaracteristic 
impedance of tfie cfiangeover switch; 

a receiver matching circuit int e rposed 



between the cfiangeover switch and the receiver 
amplffier fbr matching input inpedance of the 
reeeivsr anpfifier w»t the* cpflmaf dw r aute ii btfc 
inpedance of the changeover switch: and 
5 an antenna side matcfting circuit Interposed 

between the wire and the cfiangec^er switch fbr 
malcfiing the cfiaracteristic irrpedance of the wire 
with ttie optimal cfiaracteristic impedance of the 
changeover switcfL 

10 

7. Atransmitting/ireceivingcircuDtforaradiooonvTiuni- 
cation apparatus comprising: 

a transmitter amplifier fiaving at least one 
amptffier FET for amplifying an irput transmission 

IS signal; 

a receiver arrplffier for ampGfying an Input 
recoved signal and outputting the amplified 
received s^nal; and 

a cf^ngeover switch having an antenna 

20 input/butput termirial through wfiich tfie trarisrnis- 
sion signal is output to an antenna and tfie received 
signal is input from the antenna, a transmitter 
tfvough FET and a transmHter sfiunt FET connected 
In series to each otfier, and a receiver ttvough FET 

2S and a receiver shunt FET connected in series to 
' each other, for owitching a first connection state for 
outputting the li'ansinssion signal received from the 
liansmitter aiTplifier tothe antenna side input/'output 
terminal and a second connection state for output- 

30 ting the received signal received tfvough the 
antenna side input/output terminal to the receiver 
amplifier, from one to the otfier, 

wherein tfie amplifier FET at a last stage of 
the transmitter amplffier works also as the transmit- 

35 ter shunt FET of the cfiangeoverswitcfi. 

8b A semiconductor integrated circuit device corrpris- 
ing: 

a semoonductor substrate; 
40 a transmitter airplifier formed on tfie senrv- 

conductor substrate for amplifying an input transmis- 
sion signal and outputtnig tfie amplified transmission 
signal; 

a receiver amplifier fbrmed on the semioon- 
45 ductorsut)Strate for amplifying an input received sig- 
nal and outputting tfie ampfified recoved signal; 

a changeover switch formed on the semicon- 
ductor substrate having an antenna side input/but- 
put terminal through which the transmission signal 
50 is output to an antenna via a wire having prescrit)ed 
cfiaracteristic impedance and an antenna side 
matching circuit fbr matcfiing the cfiaracteristic 
impedance of the wire with output inpedance of the 
transmitter amplSier and tfie received signal is nput 
SB from the antenna via the wire and tfie antenna side 
matching circuit for switching aflrst connection state 
for outputting the transmission signal received from 
tfie trttfismilter arrplifier via no matching circuit to tfie 
antenna side input/output terminal and a second 
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coraiection state for outputting the received stgna) 
received through the antenna side input/output ter- 
mfnaf Id the receiver sifiiM^ tafn umi lu 9iu uthev; 
and 

a receiver matching circuit fomied on the 5 
eeniconductor substrate and interposed t}etween 
the receiver anpfSier and the changeover simtch for 
matching input impedance of the receiver ampiffier 
with the output impedance of the banbiiilter amplh 
tier. 70 

9. Thesemiconductor integrated drcuitdevice of Claim 
8. 

wherein the anteni^ side matcfiing drciit is 
formed on the semiconductor substrata is 

10. ThesemioonductorintegratedcircuitdeviceofClaim 

wherein the changeorer switch has a trans- 
mitter through FET and a transmitter sfHjntFEToon- 20 
nected in series to each other and a receiver through 
FET and a receiver shunt FET connected in series 
to each other, 

the transmitter arrpfifter has at least one 
ampfifier FET for ampfifying the input transmission 2s 
signal; and 

the amplifier FET at a last stage of the trans- 
mitter amplifier works also as the transmitter sfumt 
FET of the changeover switch. 

30 

11. A sernicoriductor iritegrated circuit device oonrpris- 
ing: 

a semioonduclDr substrate; 

a transmitter amplifier formed on the semi- 
comlictor substrate and having at le^ one ampli- as 
fier' FET for aiTV)Ufying an input transmission sigiial; 
and 

a changeover switch formed onihe semioor^ 
ductor sut)strate and having an antenna input/bulput 
terminal through which the transmission signal is 40 
output to an antenna and a received signal is input 
from tfie antenna, a transmitter through FET and a 
transmitter shunt FET connected in series to each 
other, a receiver through FET and a receiver shunt 
FET connected in series to each other, for switcfiing 45 
a first connection state for outputfa'ng tfie transmis- 
sion signal received from the transmitter amplifier to 
the antenna side inputfoulput terminal and a second 
connection state for oulputting Ifie received signal 
received through the antenna side inputtoulputter- so 
minal to tfte receiver amplifier, from one to tfie other, 

wherein the arrplifier FET at a last stage of 
Die transmitter amplifier works also astfietransmit- 
ter shunt FET of the ch»igeover switch. 

66 

12. A radiocommunication apparatus comprising: 

an antenna; 

a wire connected to the antenna and having 
prescrfoed characteristic impedance; 



a transmitter amplifier for ampGfying an input 
transmission signal and outputting the airpUfied 
BfttHiife&iorrsignafr' *' 

a receiver an^ffier for ampGfying an input 
received signal and outputting the ampGfted 
received stgnai; 

a changeover switch having an antenna side 
input/bulput terminal Ifvough wfuch the transmte- 
sion signal is outjfHit to tfie antmia via the wire arxi 
the received signal 6 input from the antenna via the 
wire, for switching a first connection state fa output- 
ting the transmission signal received from the trans- 
mitter amplffier via no matching ctrcuitto the anteruia 
side irput/butput terminal and a second connection 
state for outputting the received signal received 
through the antenna side inputfoutput terminal to the 
receiver anrplifier; 

a receiver matcfung circuit interposed 
between ttie receiver amplffier and the changeover 
switch for matching input inpedance of the receiver 
ampl^er with output impedance of the transmitter 
amplifier; and 

an antenna side matching circuit interposed 
t)etween tfie wire and the cfiangeover switch for 
matching the characteristic inpedance of tfie wire 
with tfie output impedance of tfie transmitter anpG- 
fier. 

13l a racfiocommunication apparatus comprising: 
an antenna; 

a wire connected to tfie antenna and fiaving 
prescribed cfiaracteristic impedance; 

a transmitter amplifier for amplifying an irput 
transmission signal and outputting the arrpGfied 
transmission signal; 

a receiver amplifier for anpBfying an input 
received signal and outputting the arrplified 
received signal; 

a cfiangecver switch having an antenna side 
inputAxilput terminal through which the transmis- 
sion sigr^ is output to tfie antenna via ttie wire and 
the received sigrial is input from the antenna via tfie 
wire, for switcfiing a first oonneclion stale for output- 
ting tfie transmission signal received from the trans- 
rratter ampfifier to the antenna side input^output 
terminal and a second connection state for output- 
ting the received signal received through the 
antenna skJe irput/butput terminal to the receiver 
amplifier via no matcfiing circuit, from one to tfie 
other; 

a transmitter matcfiing circuit interposed 
K)6tween tfie transmitter ampfifier and tfie cfiangeo- 
ver switch for matching output impedance of tfie 
transnvtter amplifier with irput impedance of tfie 
receiver amplifier; and 

an antenna side matching drcuit interposed 
between tfie wire and tfie cfiangecver switch for 
matcNng tfie cfiaracteristic inpedance of the wire 
with the input inpedance of the receiver ampfifier. 
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14. A lad ooommunicalion apparatus comprising: 
an antenna; 

a wire oonnoctad 10 (ta anMnnff M^lvMl^ 

pre8cri>ed chaiBcteristic impedance; 

a transmitter ampHier for ampli^fvig an input 5 
tiansnrvsskm signal and outputting the ampEfied 
transmission signal; 

a receiver anpOfier for ampGfying an input 
received signal and outputting the amplified 
received signal; 70 

a changeover switch having an antenna side 
Ir^put^output terminal through wtiich the transmis- 
ston si^ial is output to the anteruia via the wire arxl 
the received sigital is input from the antenna via the 
wlre^ for switchirig a first connection ^Bte for outfnjt- is 
ting ttie transmission signal received from ttietrars- 
mitter amplffier to the antenna side irputA)utput 
terminal and a second connection stale for output 
ting the received signal received through the 
antenna side input/butput tenninal to the receiver 20 
ampOfier, from one to the ottier; 

a transmitter matching drcuit interposed 
l)elween the transmitter ariplifier and ttiechangeo- ' 
ver switch for matchvig ou^fMit irrpedance of the 
transmitter amplifier witti optimal characterstic 2s 
impedance of the changeover switch; 

a receiver matching circuit interposed 
between the changeover switch and the receiver 
ampfifier for matchbig input impedance of the 
receiver amplifier with the optimal cfiaracterstic 30 
impedance off ttie changeover switch; and 

an antenna side matching circuit interposed 
between the wire and ttie ctiangeover switeh for 
matching ttie ctiaracteristic impedance of ttie wire 
with the optimal ctiaracteristic impedance of the 35 
ctiangeover witch. 
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